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Characterization of genes selectively expressed in the developing
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Dena R. Hammond, Angela Schmoldt, Ava J. Udvadia
Department of Biological Sciences, UW-Milwaukee, Milwaukee, WI, USA
Great Lakes WATER Institute, UW-Milwaukee, Milwaukee, WI, USA
In this study we describe the initial characterization of two
sequences isolated from a subtraction library enriched in sequences
that are expressed in developing neurons in the process of axon
growth. The ﬁrst is a novel sequence, DAG4802D06, that does not
correspond to any previously documented gene, and the second is a
sequence that corresponds to calcineurin binding protein 1 (Cabin1).
Cabin1 is a calcineurin and myocyte enhancer factor 2 (MEF2)
inhibitor that has been shown to play a role in vesicle endocytosis in
the adult mammal, but its role in the developing nervous system
has not yet been examined. Based on these known interactions, we
propose that Cabin1 may function in axon growth and suggest three
possible mechanisms for this action. Cabin1 may indirectly stabilize
actin ﬁlaments and/or regulate vesicle endocytosis in the growth
cone by inhibiting calcineurin. Cabin1 may also act to indirectly
promote synapse formation by inhibiting MEF2. We have isolated
the full-length messages from both of these library sequences and
determined their spatial and temporal expression patterns using
mRNA in situ hybridization. Based on our results, we propose that
DAG4802D06 may represent previously undocumented 3′UTR of the
neuron-speciﬁcRNA-binding protein elavl3. We are currently per-
forming functional analysis of Cabin1 using knockdown and over-
expression techniques to determine its role(s) in the developing
nervous system.
doi:10.1016/j.ydbio.2008.05.268
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To understand the mechanisms regulating axon growth in the
developing vertebrate nervous system, we identiﬁed genes
enriched in growing neurons of zebraﬁsh. These studies utilize a
transgenic line of ﬁsh expressing green ﬂuorescent protein (GFP)
under the regulation of a gap43 promoter, which promotes gene
expression in neurons undergoing axon growth and plasticity. We
isolated GFP+ cells from these ﬁsh at 48h post fertilization (hpf).
From these cells, we have created a suppression subtraction
hybridization (SSH) library of genes enriched in growing neurons
and have thus far isolated 176 unique sequences that correspond to
some known and many novel genes. We have used quantitative
PCR (qPCR) to determine the relative expression level change of
these sequences in GFP+ and GFP− cells, and have found that over
60% of the sequences analyzed are enriched 2-fold or greater in
GFP+ cells. We have also conducted in situ hybridization in
developing zebraﬁsh (day 1, 2, and 3) using probes for several
known and novel sequences. The sequences tested thus far appear
to be expressed selectively in the nervous system. We will begin
functional testing of the sequences in the processes of neuronal
differentiation, axonogenesis, and synaptogenesis using overexpres-
sion and gene knockdown. Since over 75% of the known genes
isolated in this screen have documented roles in the nervous
system, we anticipate discovery of nervous system functions for the
novel genes as well as known genes that have not been
characterized in the developing nervous system.
doi:10.1016/j.ydbio.2008.05.269
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During development, cMet signaling regulates a range of cellular
processes, including growth, survival and migration (Birchmeier, 2003).
Human genetic studies have demonstrated a correlation between a cMET
mutation and autism (Campbell et al., 2006). The cMet gene encodes a
tyrosine kinase receptor, which is activated by Hgf (hepatocyte growth
factor) ligand. In this study we are exploiting the advantages of the
zebraﬁsh to ask how cMet signaling functions during hindbrain deve-
lopment. We have analyzed cMet expression in the developing zebraﬁsh
hindbrain. We ﬁnd expression in rhombomere 1 (r1; future cerebellum),
and in migrating facial branchiomotor neurons (FMNs). We are in the
process of identifying additional cMet-expressing neurons. Database
analysis reveals two zebraﬁsh hgf isoforms (hgf1 and hgf2). hgf1 is ex-
pressed at low levels throughout the developing hindbrain, and at high
levels in migrating neural crest. We are currently analyzing hgf2 ex-
pression. Our functional analysis shows that cMet signaling is required for
normal FMNs migration. Morpholino knock-down of cMet function
causesmajordefects in FMNsmigration,whileHgf1 function knock-down
causesmilddefects.We furtherﬁnd that cMetknock-downcauses speciﬁc
cell death, suggesting a role in cell survival. In future experiments wewill
establish whether cMet signaling plays roles in hindbrain neural
proliferation and/or differentiation, or in migration of cerebellar neurons.
doi:10.1016/j.ydbio.2008.05.270
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Neural crest, a highly migratory multipotent cell population, con-
tributes to numerous ocular tissues including the cornea, ciliary body,
and stroma of the iris. Little is known about the nature and source of
guidance molecules regulating neural crest migration during ocular
development. Usingquail-chick chimeras and in situ hybridization, we
characterized the expression of Semaphorin3A (Sema3A) in the eye and
its receptor Neuropilin-1(Npn-1) by neural crest cells in the periocular
region during cornea development. Our results show that the lens
continuously expresses Sema3A during cornea development and
neural crest cells express Npn-1 in the periocular region. Interestingly,
only the neural crest cells that down regulate Npn-1 migrate into the
eye to form the cornea.We also show that the lens, which immediately
underlies the ectoderm, inhibits neural crest migration into the
rudimentary eye since lensectomy causes premature entry and
malformation of the cornea. Additionally, inhibiting of Sema3A
signaling in the lens phenocopies lensectomy. We demonstrate that
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Sema3A/Npn-1 signaling regulates periocular neural crest migration
into the eye and is necessary for the proper formation of the cornea.
doi:10.1016/j.ydbio.2008.05.271
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Neural crest cells in the vertebrate trunk emerge from the dorsal
neural tube and migrate segmentally through the anterior half of each
somite. These cells condense to form the segmental ganglia of the
peripheral nervous system (PNS), the dorsal root ganglia (DRGs) and the
sympathetic ganglia. The signals that guide trunk PNS segmentation are
not completely understood. We previously showed that the receptor
Neuropilin 2 (Nrp2) on neural crest cells and the repellent ligand Sema-
phorin 3F (Sema3F) in the posterior somite are required for segmental
neural crestmigration.However, neural crest cells still form individualized
DRGs inNrp2 or Sema3Fmutants, indicating that a second signal patterns
segmental gangliogenesis. Here we show that mice double mutant for
Nrp2 and Neuropilin 1 signaling through Semaphorin 3A (Nrp1Sema−)
exhibit fused DRGs. Although neural crest cells form metameric DRGs in
Nrp1Sema−mutant mice, this is likely due to the fact that they are already
present in a segmental pattern as a result of Nrp2/Sema3F signaling. Mo-
torneurons, which also project into the anterior somite, likewise require
Nrp2/Sema3F for their initial segmental guidance and Nrp1/Sema3A for
fasciculation into metameric ventral roots. Additionally, projections of
peripheral nerves are severely disorganized in Nrp1Sema−−/−;Nrp2−/−
embryos. Together these data show that sequential neuropilin signaling
patterns trunk PNS segmentation,withNrp2/Sema3F providing the initial
guidance cue for both sensory and motor components.
doi:10.1016/j.ydbio.2008.05.272
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Role of frizzled 3, a planar cell polarity gene, in sympathetic
nervous system development
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Nervous system function depends on the accurate formationof neural
connections established during development through processes such as
neuronal survival, axon growth and guidance and target innervation.
Recently, planar cell polarity (PCP) genes have been shown to be involved
in axon growth and guidance in the vertebrate central nervous system.
Speciﬁcally, embryonic mice lacking frizzled 3 (fzd3−/−), a homolog of
Drosophila PCP genes, lackmajor axon tracts in the brain. Themechanism
of action of fzd3 and other PCP genes in neuronal development remains
unknown. To determine the function of fzd3, we examined the deve-
lopment of the sympathetic nervous system, a branch of the peripheral
nervous system, in fzd3−/− embryonic mice. Using tyrosine hydroxylase
staining to visualize sympathetic neurons, we show that during target
innervation, sympathetic chain ganglia of fzd3−/− mice are severely re-
duced in size and fail to fully innervate their targets. Before target
innervation, however, sympathetic ganglia of fzd3−/− mice are compa-
rable in size to their fzd3+/+ littermates. The overall segmented orga-
nization of fzd3−/− sympathetic ganglia is unaffected suggesting that
neuronal migration is not impaired by the loss of fzd3. Additionally,
explant and dissociated neuronal cultures of fzd3−/− sympathetic ganglia
growandbranch similar toneurons fromfzd3+/+mice. Thesepreliminary
results suggest that fzd3−/− sympathetic neurons can grow but cannot
respond to target-derived trophic cues. We are currently addressing
whether fzd3 is required for the abilityof target-derivedgrowth factors to
support survival or growth of developing sympathetic neurons.
doi:10.1016/j.ydbio.2008.05.273
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Parietal extraembryonic endoderm (PE) contributes to the yolk sac
and is the ﬁrst migratory cell type in the mammalian embryo. We can
study this event in vitro using F9 teratocarcinoma cells. F9 cells can form
embryoid bodies (EBs) consisting of an inner core of stem cells,
surrounded by an outer layer of visceral endoderm (VE). When EBs are
plated, PE migrates away from the EB as a sheet of cells, enriched in
migratory and adhesion structures. Time lapse imaging revealed that PE
cells migrate in a manner reminiscent of convergent extension. To exa-
mine if PE migration is regulated by the PCP pathway, we ﬁrst deter-
minedwhether cells were polarized in the direction ofmigration. Based
on Golgi localization and microtubule organization, 68.6% of the out-
growth cells are oriented in the direction of migration. Perturbation of
theWntpathwayusing sFRP increasesmigration distance anddecreases
cell orientation. sFRP treated cells also lack focal adhesions and actin
cytoskeleton organization. Inhibition at the level of Daam1 results in
increased migration and loss of oriented migration, similar to sFRP
treatment. Our previous data showed that Rho/ROCK inhibition results
in increased migration, and we now show that these cells also lack
oriented migration. Data suggest no role for Rac or canonical Wnt
signaling in oriented PE migration. These data suggest that the PCP
pathway through Rho modulates oriented migration of PE. We hypo-
thesize thatWnts are expressed in either the stem core or VE, and the PE
by migrates away from the signal. Preliminary data suggest that Wnt3a
and Wnts7a/b are candidates for the repulsive signal.
doi:10.1016/j.ydbio.2008.05.274
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We investigate the dynamics of collective ﬁbroblast cell migration
under cell density heterogeneity using digital time-lapse phase
contrast microscopy. Initially, the spatial heterogeneity is generated
by scrubbing off a narrow strip of cells from a sample with homo-
geneously packed cells. The migration of the cells into the strip is
accompanied by cell collisions with the extension and contraction of
the lamellipodium. The depletion of cell density propagates toward the
high cell density region and affects the reorganization of thewhole cell
network. From the spatiotemporal correlation between the trajectories
of pairs of cells located at different positions from the strip boundary
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